Two new styryllactones, macrocalactone (1) and 3-deoxycardiobutanolide (2), were isolated from the fruits of Goniothalamus macrocalyx Ban (Annonaceae), together with seven known compounds including four acetogenins, annonacin (3), solamin (4), isoannonacin (5), trans-murisolinone (6), and three other compounds, 7-acetylaltholactone (7), β-caryophyllene-8R,9R-oxide (8) and 2-(2'-hydroxytetracosanoylamino)-octadecane-1,3,4-triol (9). Their structures were determined by spectroscopic and MS analysis. The absolute configuration of 1 was determined by X-ray crystallographic analysis. The structures of the acetogenins were confirmed by liquid chromatography coupled to a hybrid quadrupole-time of flight mass spectrometer, using post-column lithium infusion. The results were compared with the fragmentation obtained with a hybrid linear trap-orbitrap mass spectrometer. Compound 7 had cytotoxicity against KB, HepG2, Lu, and MCF7 cell lines with IC 50 values of 13.1, 23.7, 26.3 and 60.2 µM, respectively, whereas annonacin (3) was selectively active against KB cells (IC 50 value of 6.5 µM). The discovery of 3-deoxycardiobutanolide (2) from the fruits of this plant revealed that G. macrocalyx could be a valuable natural resource to obtain this compound as it has been previously reported to have a significant cytotoxicity against different cancer cell lines, especially HL-60 cells.
The Goniothalamus genus (Annonaceae) is distributed in tropical and subtropical regions. A large number of cytotoxic molecules, especially styryllactone derivatives, acetogenins and aporphine alkaloids have been isolated from Goniothalamus species [1a-f] . The species of this genus have attracted considerable attention of many research groups and are considered as a source of drugs for the treatment of cancers and bacterial infections [2] . Previously, we described the isolation of several aporphine alkaloids and styryllactones from the leaves of G. tamirensis [3] . In continuation of our search for natural antitumor agents, we examined the fruits of G. macrocalyx Ban (Annonaceae), collected in Ha Giang, Vietnam, as the CH 2 Cl 2 extract of the fruits exhibited a cytotoxic activity against KB cells (43% inhibition at 1 µg/mL).
Compound 1 was obtained as a microcrystalline material and was optically active [] D 20 38.5 (c 0.32, EtOH). Its HR-ESI mass spectrum presented the pseudo-molecular ion [M+Na] + at m/z 273.0724 (calcd 273.0739 for C 13 H 14 NaO 5 ), consistent with the molecular formula C 13 H 14 O 5 . Thus, seven degrees of unsaturation were deduced for 1. Its IR spectrum suggested the presence of hydroxyl (ν max 3444 cm 1 ) and lactone (ν max 1728 cm 1 ) functionalities. The 1 H NMR spectrum indicated the signals of a phenyl ring [ H 7.26 (H-11), 7.33 (H-10 and H-12), 7.46 (H-9 and H-13)], 5 methines and a methylene. Analyses of 13 C NMR and DEPT spectra revealed the signals corresponding to the groups observed from the 1 H NMR spectrum, with an additional signal of a carboxyl group at  C 168.7 (C-1). The chemical shifts of C-3, C-4, C-5, C-6, and C-7 (Table 1) assigned their linkage to oxygen atoms. The spin-spin coupling systems of 1 were established from its COSY spectrum analysis. The connection of these systems was achieved from the HMBC spectral analysis in which the cross-peaks of C-1 with protons at  H 4.72 (H-5), 4.17 (H-3), 2.74 and 2.82 (CH 2 -2) indicated the presence of a lactone ring. Similarly, the carbon at  C 86.0 (C-6) was correlated to proton H-3, assigning the linkage of C-6 to C-3 through an ether bridge. The linkage of the phenyl ring to C-7 was determined by correlations of C-9 and C-13 ( C 128.0) with proton H-7 at  H 4.66 ( Figure 2 one proton at  H 2.82 of the CH 2 -2 in the NOESY spectrum that depicted H-4 and CH 2 -2 being on the same side of the plane formed by the three atoms C-3, C-4 and C-5. The structure of 1 was then confirmed by X-ray diffraction analysis ( Figure 3 ) in which the relative stereochemistry of 1 was clearly observed. Despite the absence of atoms heavier than oxygen in the crystal structure, the absolute configuration 3S, 4S, 5R, 6R, 7R for 1 was unambiguously assigned by the crystallographic data, through extensive likelihood method calculations [4] , exploiting the anomalous pair differences, enhanced here by the joint use of copper radiation and highly redundant diffraction measurement. This new styryllactone was named macrocalactone. It appeared to be a derivative of goniofupyrone A, which was isolated from Goniothalamus amuyon [5] .
Compound 2 was isolated as amorphous material and was optically active [] D 20 8.4 (c 0.44, CHCl 3 ). The molecular formula C 13 H 16 O 5 was determined from the pseudo-molecular ion [M+Na] + at m/z 275.0895 (calcd for C 13 H 16 NaO 5 , 275.0895) in the positive HR-ESI mass spectrum of 2. The 13 C NMR and DEPT spectra of 2 displayed signals close to 1, except for the presence of a methylene instead of an oxymethine in 1. Analysis of the 1 H-1 H COSY spectrum of 2 revealed two spin-spin coupling systems: the phenyl ring and a complex connection starting from CH 2 -2 at  H 2.59 to H-7 at  H 4.74. This observation suggested that 2 had structural similarity to 1. Analysis of the HMBC spectrum allowed the planar structure of 2 to be established. Cross peaks of C-9 and C-13 at  C 128.4 with H-7 indicated the linkage of the phenyl ring to C-7 of the side chain. The connection of the carboxyl group to C-2 was determined by HMBC correlation of C-1 at  C 180.1 with CH 2 -2 and CH 2 -3 ( H 2.30 and 2.04). The presence of a -lactone ring was ascertained from HMBC cross-peaks of H-4 with C-1 ( Figure 2 ). The coupling constants of J = 8.0 Hz for H-7/H-6 and of J = 2.2 Hz for H-6/H-5 (Table 1) of 2 were similar to those of cardiobutanolide [6] , suggesting an identical H-7/H-6 erythro and H-6/H-5 threo stereochemistry for 2. Compound 2 was previously synthesized [7] , but it is reported here for the first time from a natural source. Comparison of optical rotation activity of 2 ([] D 20 8.4 (c 0.44, CHCl 3 )) with that of the synthetic compound ([] D 20 11.1 (c 0.44, CHCl 3 ) assigned the same absolute configuration of 5S, 6S, 7R and 8R for the natural compound.
Due to oxidation and cyclization processes, the styryllactones from Goniothalamus species have chemical structural diversity. Goniotriol [1e,8] and goniopypyrone [9] have been found in several species of Goniothalamus. The isolation of 1 from this species suggested that both 1 and goniopypyrone should be formed from goniotriol by additive cyclization of hydroxyl groups at C-6 or C-7 to the double bond of the α,β-unsaturated carboxylate. Accordingly, additive cyclization of the hydroxyl group at C-7 to the double bond afforded goniopypyrone (route a), whereas compound 1 is formed when the hydroxyl group at C-6 is involved (route b) (Figure 4 ). Four known acetogenins, annonacin (3) [10] , solamin (4) [11] , isoannonacin (5) [12] , and trans-murisolinone (6) [13] were also isolated and characterized. Their structures were determined by liquid chromatography coupled to a hybrid quadrupole-time of flight mass spectrometer using post-column lithium infusion. The MS/MS spectra obtained were compared with the MS/MS spectra recorded in liquid chromatography coupled to a hybrid linear trap/orbitrap mass spectrometer (LTQ/orbitrap) [14] . These mass spectrometers allow exact mass measurements for both parent ions and fragment ions with a precision better than 5 ppm. Fragmentation of the lithium adducts [15] led to informative fragment ions, which confirm the positions of the hydroxyl and THF groups, and allowed the structural determination of the isolated acetogenins ( Figure 17S , supporting information). Nomenclature for fragmentation of lithium adducts has been defined first using fast atom bombardment mass spectrometry [16] . Fragment ions of type B and X were observed in QTOF experiments as in LTQ/orbitrap experiments. MS/MS spectra obtained with a QTOF mass spectrometer also showed fragments Y, typical of the THF ring fragmentation, and complementary A and Z fragment ions, informative for the location of the hydroxyl groups. The stereochemistry of 3-6 was revealed by NMR data analysis and comparison with data reported in the literature [17] . Three other known compounds 7-acetylaltholactone (7) [18] , β-caryophyllene-Styryllactones and acetogenins from Goniothalamus macrocalyx Natural Product Communications Vol. 9 (4) 2014 497 8R,9R-oxide (8) [19] , and 2-(2'-hydroxytetracosanoylamino)octadecane-1,3,4-triol (9) [20] were also identified from this plant. Their structures were determined from NMR data and comparison with previously reported values.
The isolates were evaluated for their cytotoxicity against various cancer cell lines. Compound 7 (7-acetylaltholactone) showed significant cytotoxicity against KB, HepG2, Lu and MCF7 cell lines with IC 50 values of 13.1, 23.7, 26.3 and 60.2 µM, respectively, and compound 3 (annonacin) showed a selective inhibition against KB cells with an IC 50 of 6.5 µM; it was inactive against HepG2, Lu and MCF7 cell lines, even at a concentration of 50 µM.
Compound 2 (3-deoxycardiobutanolide) was previously reported to be a potent cytotoxic compound against several cancer cell lines, especially HL-60 cells (IC 50 : 0.09 µM) [7] . Given its weak inhibitory activity (> 20 µM) against the KB cell line, compound 2 seems to be a selective inhibitor of promyelocytic leukemia cells.
Experimental
General: Melting points were recorded on a Buchi B-545 instrument and are uncorrected. Optical rotations were measured on a Jasco P-2000 polarimeter, UV spectra on an UV-1601 spectrometer, IR spectra on a Nicolet Impact-410 FT-IR spectrometer, ESIMS on an Agilent 1100 LC-MSD Trap mass spectrometer, and HR-ESIMS on a FT-ICR 910-MS TQFTMS-7 T mass spectrometer. The liquid chromatography mass spectrometry study of acetogenins was realized on an Ultimate 3000 system (Thermo Scientific) coupled either to a quadrupole-time of flight mass spectrometer (QTOF 6540, Agilent Technologies) or to a linear trap/orbitrap mass spectrometer (LTQ/orbitrap, Thermo Scientific). The separation was realized on an octadecyl column with a water/acetonitrile gradient. Tandem mass spectra were recorded in positive electrospray ionization mode for both mass spectrometers. The NMR spectra were recorded on a Bruker 500. 13 MHz spectrometer operating at 125.76 MHz for 13 C NMR, and at 500.13 MHz for 1 H NMR. 1 H chemical shifts were referenced to CDCl 3 , CD 3 OD and acetone-d 6 at δ 7.27, 3.31 and 2.04 ppm, respectively, while the 13 C chemical shifts were referenced to the central peak of at δ77.0 (CDCl 3 ), 49.0 (CD 3 OD), and 29.8 and 206.0 (acetone-d 6 ). For HMBC experiments the delay (1/2J) was 70 ms, and for the NOESY experiments the mixing time was 150 ms.
Plant material: G. macrocalyx Ban was collected in Ha Giang, Vietnam, and identified by Mr Nguyen Huu Hien. A specimen (VN 0701) was deposited at the Institute of Ecology and Natural Resources, Vietnam Academy of Science and Technology.
Extraction and isolation:
Dried and ground fruit of G. macrocalyx (275 g) was extracted with CH 2 Cl 2 at room temperature. The extract were concentrated under diminished pressure to give a residue of 37 g, which was separated by CC over silica gel, eluting with a mixture of n-hexane/CH 2 Cl 2 (0 to 100% CH 2 Cl 2 in n-hexane) to give 9 fractions. Fraction 1 (200 mg) was separated by silica gel CC (0% to 40% of CH 2 Cl 2 in n-hexane) yielding 8 (25 mg). Fraction 4 (400 mg) was chromatographed on a silica gel column, eluted with a solvent gradient of n-hexane/EtOAc to yield 5 sub-fractions. Subfraction 5 (65 mg) was purified on Sephadex LH-20 CC (CH 2 Cl 2 /MeOH, 1/9) to afford 7 (11 mg). Fraction 5 (7.5 g) was subjected to a CC on silica gel, eluting with a solvent gradient of n-hexane/acetone to provide 6 sub-fractions. Sub-fraction 1 (275 mg) was chromatographed on a silica gel column (gradient of n-hexane/EtOAc) to yield 4 (15 mg). Fraction 6 (5.0 g) was separated by silica gel CC (0 to 5% of MeOH in CH 2 Cl 2 ) to yield 3 sub-fractions. Sub-fraction 1 (155 mg) was purified on a silica gel column, using a solvent gradient of n-hexane/acetone to yield 6 (34 mg). Fraction 7 (3.5 g) was subjected to CC on silica gel (gradient of n-hexane/acetone), giving 5 sub-fractions. Sub-fraction 3 (184 mg) was recrystallized from n-hexane/acetone (7/3, v/v) to afford 5 (45 mg). Fraction 8 (2.0 g) was separated by silica gel CC (0 to 60% of acetone in n-hexane) to yield 7 sub-fractions. Sub-fraction 1 (86 mg) was recrystallized from n-hexane/acetone (2/1, v/v) to obtain 9 (8.7 mg). Sub-fraction 3 (450 mg) was chromatographed on a silica gel column, eluted with EtOAc to yield 3 (22 mg). Sub-fraction 5 (162 mg) was purified by CC on silica gel (EtOAc 100%), followed by recrystallization from methanol to give 1 (63 mg). Finally, subfraction 6 (86 mg) was purified by Sephadex LH-20 CC (MeOH), affording 2 (24 mg). 
Macrocalactone(1) Colorless microcrystals (MeOH

X-ray crystallographic analysis of compound 1:
The intensity data set for compound 1 was collected at 293 K with Cu KαX-rays from a Micromax007 HF rotating anode generator (Rigaku MSC) equipped with CMF Osmicsmirrors and a Rapid II detector (Rigaku MSC). Data with average redundancy of 17.1 were integrated and scaled with Fs_processpart of the CrystalClearSM package, and the structure was solved by direct methods and refined by full-matrix least-squares calculations on F 2 using Shelx-97. Non-H atoms were refined with anisotropic displacement parameters. Hydrogen atoms were constrained to parent sites, using a riding model. C 13 H 14 O 5 , M = 250.24, orthorhombic, a = 10.6637 (5), b = 9.7605 (5), c = 10.9218 (8) Å, V = 1136.77(11) Å 3 , space group P2 1 2 1 2 1 , Z = 4, Z' = 1, µ = 0.949 mm -1 , D calcd = 1.462 g cm -3 , θrange 5.80-68.19°, 20976 reflections measured, 2075 unique (R int = 0.0431), which were used in all calculations. The final wR 2 (F 2 ) was 0.0933 and the S (goodness-of-fit) value 1.061 (all data). The R 1 (F) was 0.0355 (I > 2σ(I)). Absolute configuration determination relied on convergent criteria based on analyses of 857 Bijvoet pairs (coverage of 99%) as the value of the Flack parameter, x = -0.1 (2) derived from SHELXL and those implemented within PLATON parameter y = -0.01 (6); P2(true) and P3(true) = 1.00 and 1.00 (Bayesian statistics). Crystallographic data (including structure factors) for structure 1 have been deposited with the Cambridge Crystallographic Data Center as supplementary publication number CCDC 943121. Copies of the data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44 0 1223 336033 or deposit@ccdc.cam.ac.uk).
